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Age-specific epidemiological data on asymptomatic, symptomatic, and severe infections are essential for
public health policies on combating influenza. In this study, we incorporated data on microbiologically
confirmed infections and seroprevalence to comprehensively describe the epidemiology of pandemic H1N1 2009
influenza. Seroprevalence was determined from 1,795 random serum samples collected in our hospital in
January 2007 (before the first wave of the pandemic) and March 2010 (after the second wave). Data on
microbiologically confirmed infection and severe cases were obtained from the Centre for Health Protection in
Hong Kong. Severe cases were most common in the 51- to 60-year-old age group. The microbiologically
confirmed incidence rate was highest for children aged <10 years and dropped sharply for the adult population
(� � �1.0; P < 0.01), but the incidence rate for severe disease was highest for the 51- to 60-year-old age group.
For the 51- to 60-year-old age group, the seroprevalence was similar to that for the younger age groups, but the
proportion of severe cases relative to seroprevalence was significantly higher than that for 11- to 50-year-old
age groups. As judged from the percentage of specimens positive for other respiratory viruses compared with
that for pandemic H1N1 virus, the impact of symptomatic disease due to pandemic H1N1 virus was higher than
that for other respiratory viruses in people aged <50 years. In conclusion, the 51- to 60-year-old age group,
which had the highest overall incidence and the highest rate of severe disease but is currently not considered
by the World Health Organization to be an at-risk group, should be prioritized for influenza vaccination in
areas where universal influenza vaccination is not practiced.

One of the major criticisms of the handling of pandemic
H1N1 2009 influenza by the World Health Organization is the
apparent overestimation of its disease severity. Data on age-
specific incidence rates from the influenza pandemic can pro-
vide a scientific basis for formulating public health policies and
insights on the age-related susceptibility to and severity of
influenza. Currently, there are discrepancies in the age cutoffs
in recommendations for influenza vaccination, especially for
adults. While the World Health Organization considers indi-
viduals aged �65 years to be at a higher risk of severe influenza
and includes them as one of the target groups for influenza
vaccination and antiviral treatment or prophylaxis (50), the
United States Centers for Disease Control and Prevention
extended influenza vaccination to all persons aged �6 months
and, in the event of vaccine shortage, to those aged �50 years
(18).

To accurately assess the incidence rate and severity of dis-
ease, the choice of denominator is crucial (36). If the total
number of microbiologically confirmed cases is used as the

denominator, this overestimates the severe case incidence rate
because infections without microbiological confirmation are
excluded. On the other hand, influenza-like illness (ILI) is
often used as a surrogate marker for total number of cases, but
this may be inaccurate, especially if the surveillance period
extends over a long period, when many ILIs may be due to
other respiratory pathogens. Other epidemiological studies
have used seroprevalence as a measure of the infected popu-
lation, and these studies have reported a high prevalence in
young adults and more severe disease in the pediatric and
geriatric populations (27, 30), which may be explained by the
immature immune system and immunosenescence, respec-
tively (37, 40). However, most of these studies did not incor-
porate age-specific data on asymptomatic, symptomatic, and
severe infections in their analyses.

In this study, we sought to integrate clinical and laboratory
data to evaluate the relative impacts of the H1N1 2009 influ-
enza pandemic on different age groups in the population. The
change in seroprevalence provides an estimate of the overall
burden of infection (49), whereas the incidence rate of micro-
biologically confirmed infections represents an estimate of
symptomatic cases, as samples were collected mostly from
symptomatic patients. The proportion of microbiologically
confirmed cases or severe cases in the seropositive population
was used to estimate the burden of symptomatic or severe
disease in those infected. To assess the relative impact of
pandemic H1N1 2009 influenza virus compared to other respi-
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ratory viruses, we analyzed the positivity rates for all respira-
tory specimens tested for respiratory viruses.

MATERIALS AND METHODS

Samples for determination of antibody titers. This study was approved by the
institutional review board of the Hospital Authority of Hong Kong. Antibody
titers were determined from archived serum samples randomly selected from the
Clinical Biochemistry Division, Queen Mary Hospital, in January 2007, before
the first wave of the pandemic in the summer of 2009, and in March 2010, after
the peak of the second wave. This laboratory provides service to both inpatients
and outpatients, with an estimated catchment population of 0.53 million people,
or 8% of the Hong Kong population, which should be reasonably representative
of the total population of 7 million. Redundant serum samples were excluded by
using unique identity card numbers for Hong Kong residents. All samples were
coded and remained anonymous during the analysis.

Serological assay. Antibody titers against the pandemic H1N1 2009 influenza
virus were determined by hemagglutination inhibition (HI) assay as previously
described (7). Briefly, nonspecific inhibitors in serum were removed with a
receptor-destroying enzyme (RDE II; Seiken). The treated serum samples were
2-fold serially diluted with phosphate-buffered saline, starting from 1:10. Diluted
serum samples were then mixed with 4 hemagglutinin units of pandemic H1N1
2009 influenza virus (A/HK415742/2009) and incubated at room temperature for
1 h. Turkey red blood cells (0.5%) were then added and incubated at room
temperature for 30 min before examination for hemagglutination. An HI titer of
�40 was considered positive.

Microbiologically confirmed influenza cases. Pandemic H1N1 2009 influenza
virus infections confirmed microbiologically from 1 May 2009 to 28 February
2010 by the Virology Division, Public Health Laboratory Services Branch, Centre
for Health Protection (CHP), Hong Kong, were included in our analysis. This
laboratory processes clinical specimens sent for respiratory virus detection from
all government hospitals or outpatient clinics spread all over Hong Kong. Re-
spiratory specimens included nasopharyngeal aspirates, nasopharyngeal swabs,
throat swabs, tracheal aspirates, and bronchoalveolar lavage fluid. The case
definition for microbiologically confirmed cases was a positive reverse transcrip-
tion-PCR (RT-PCR) test for the pandemic H1N1 2009 influenza virus H1 gene
or a positive viral culture from respiratory specimens, as previously reported
(32). The decision for microbiological testing was made by the attending clini-
cian. All severe cases during this period were reported to CHP. The case defi-
nition for severe pandemic H1N1 2009 influenza requiring notification to CHP
included admission to the intensive care unit, a critical condition requiring
assisted ventilation or a change of severity from critical to fatal, and microbio-
logical confirmation of pandemic H1N1 2009 influenza virus. The total number
of laboratory requests for testing for influenza virus or “other respiratory viruses”
was the number of respiratory tract specimens sent to the Virology Division,
Public Health Laboratory Services Branch, CHP, Hong Kong, for virus detec-
tion. “Other respiratory viruses” included seasonal influenza A (H1N1) virus,
influenza A (H3N2) virus, influenza B virus, adenovirus, parainfluenza virus,
respiratory syncytial virus, and rhinovirus.

Definitions. The seroprevalence (%) was obtained by dividing the number of
serum samples with HI titers of �40 by the total number of nonredundant sera
tested. The infected population in each age group was estimated by the percent
change in seroprevalence between 2007 and 2010 multiplied by the population
number (34). The incidence rate of symptomatic disease was obtained by dividing
the number of microbiologically confirmed cases by the population of the age
group, whereas the incidence rate of severe disease was obtained by dividing the
number of notified severe disease cases by the population of the age group. The
burden of symptomatic or severe disease was estimated by the proportion of
incidence in the infected population.

Statistical analysis. The relationship between age and incidence rate was
assessed by Spearman correlation. The chi-square test for trends was used to
assess the proportions of positive specimens for pandemic H1N1 2009 influenza
virus and other respiratory viruses in different age groups. The risk ratios of
influenza for the 51- to 60-year-old age group and the younger age groups were
calculated. The statistical analysis was performed using SPSS software, version
18.0 for Windows (SPSS), R statistical environment, version 11.1, or VassarStats
(http://faculty.vassar.edu/lowry/VassarStats.html).

RESULTS

Seroprevalence was estimated by HI testing of 1,795 serum
samples, of which 795 and 1,000 samples were collected in 2007

and 2010, respectively (Table 1). In 2007, the seropositive rate
was 8.8%. Preexisting cross-reactive antibodies against pan-
demic H1N1 2009 influenza virus were found mainly in pa-
tients aged �71 years and were more prevalent in the older age
groups (Fig. 1). Cross-reactive antibodies were also found in
2.1% of individuals aged 21 to 50 years. No children of �10
years of age or adults between 51 and 70 years old were sero-
positive in 2007. In 2010, the overall seropositive rate was
22.9%. Differences in HI titers between baseline and 2010
were not statistically significant for adults of 71 years of age
and older. Therefore, we could not use seroprevalence to ac-
curately predict the overall incidence rate of infection in the
population of �71-year-olds.

Between 1 May 2009 and 28 February 2010, a total of
27,116 microbiologically confirmed cases of pandemic H1N1
2009 influenza virus infection were found. Of the 255 severe
cases reported, 157 were in males and 98 were in females,
with a median age of 51 years. The 51- to 60-year-old age
group had the largest number of severe cases, accounting for
29.4% of the total number of severe cases (Fig. 2). The
incidence rate of microbiologically confirmed pandemic
H1N1 2009 influenza was highest for the �10-year-old age
group and dropped sharply with increasing age (� � �1.0;
P � 0.01), while the incidence rate of severe cases showed
an apparent bimodal distribution, with higher incidence
rates for the age group of �10-year-olds and for those older
than 50 years (Fig. 3). The highest incidence rate of severe
disease also occurred in the 51- to 60-year-old age group,
with a significantly higher risk than those for other, younger
age groups (Table 2).

The proportion of microbiologically confirmed cases or se-
vere disease cases relative to the infected population number
was used to estimate the burden of symptomatic or severe
disease in the infected population for different age groups (Fig.
4). While the burden of symptomatic disease was highest in the
�10-year-old age group, severe disease occurred most fre-
quently in the older population, starting to rise in the 51- to
60-year-old age group (Fig. 4 and Table 2).

We also assessed the impact of pandemic H1N1 2009 influ-
enza virus infection relative to that of other respiratory viral
infections in different age groups by analyzing the positivity
rates of respiratory tract specimens. The pandemic H1N1 2009
influenza virus was detected more frequently than other respi-
ratory viruses in age groups with persons of �60 years of age,
but other respiratory viruses predominated in age groups with

TABLE 1. Number of serum samples collected for each age groupa

Age group (yr) No. of serum samples
collected in 2007

0–10 .................................................................................... 13
11–20 .................................................................................... 74
21–30 .................................................................................... 81
31–40 .................................................................................... 81
41–50 .................................................................................... 81
51–60 .................................................................................... 72
61–70 .................................................................................... 81
71–80 .................................................................................... 95
81–90 .................................................................................... 96
�91 .......................................................................................121

a The number of serum samples collected in 2010 was 100 for each age group.
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persons of �60 years of age (Fig. 5). The percentage of spec-
imens positive for pandemic H1N1 2009 influenza virus de-
creased with increasing age (chi-square test for trend �2 value �
13,380.73; P � 0.001). Though a significant trend was still
observed for other respiratory viruses, its magnitude was much

less than that for pandemic H1N1 2009 influenza virus (chi-
square test for trend �2 value � 366.969; P � 0.001). It should
be noted that the percentages of specimens positive for other
respiratory viruses were not significantly different (P � 0.05)
between 51- to 60-year-olds and 41- to 50-year-olds, suggesting

FIG. 1. Proportions of seropositive individuals in 2007 and 2010. The y axis represents the percentage of seropositive individuals detected (those
with hemagglutination inhibition antibody titers of �40).

FIG. 2. Incidence of severe cases of pandemic H1N1 2009 influenza virus infection. The y axis represents the absolute number of severe cases,
defined by admission to the intensive care unit, a critical condition requiring assisted ventilation, or a change of severity from critical to fatal.
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that there was no sampling bias in terms of specimen collection
in these age groups.

DISCUSSION

In this study, we systematically analyzed and compared the
age-specific incidence rates of pandemic H1N1 2009 influenza
by using serial serological data and data on microbiologically
confirmed infections encompassing all age groups. The pan-
demic H1N1 2009 influenza virus affected children and ado-
lescents more frequently than older adults, as evidenced by the
greater difference between prepandemic and postpandemic se-
roprevalences, the higher age-specific incidence rate of micro-
biologically confirmed infection, and the higher positivity rate
in respiratory tract specimens than that for other respiratory
viruses. The 51- to 60-year-old age group accounted for the
largest number of severe cases, and this age group also had the
highest incidence rate of severe cases. By analyzing the posi-
tivity rate in respiratory tract specimens, we have also shown
that the pandemic H1N1 2009 influenza virus was the predom-
inant respiratory virus affecting the population aged 50 years or
less.

The main advantage of using the difference in prepandemic
and postpandemic seroprevalences to estimate the incidence
rate is that even asymptomatic cases are captured. Numerous
seroprevalence studies of pandemic H1N1 2009 influenza have
been published (1–4, 8, 9, 11, 15, 16, 19, 20, 29, 31–35, 39, 41,
43, 44, 46, 51–54), but unlike our study, many of them did not
incorporate the incidence rate of microbiologically confirmed
cases or severe cases. Other studies which have compared
seroprevalences with microbiologically confirmed data either
did not include all age groups (51) or did not perform age-
specific analysis (33).

The World Health Organization includes adults of 65 years
of age or older as a risk group for severe disease and as one of
the target groups for influenza vaccination and antiviral treat-
ment or prophylaxis (50). This is supported by our finding that
the burden of severe disease is highest in the 61- to 70-year-old
age group and is consistent with other studies which have
shown that those aged �60 or �65 years have higher case-
fatality ratios (10, 14, 17). However, we have also demon-
strated that the 51- to 60-year-old age group has the highest
incidence rate of severe disease among all age groups and a
higher burden of severe disease than that for younger age
groups. Our result is comparable to worldwide estimates ob-
tained by using laboratory-confirmed cases as the denominator
in the calculation for the rate of severe cases, as the 50- to
64-year-old age group had the highest relative risk of admis-
sion to an intensive care unit for most countries (47). Likewise,
a study from California showed that the highest incidence rate
of death occurred in those aged 50 to 59 years (30). However,
neither study estimated the burden of severe disease in all
infected individuals by monitoring the change in seropreva-
lence before and after the first wave. Rather, they used the
total population as the denominator for the analysis. The find-

FIG. 3. Microbiologically confirmed incidence rates of pandemic H1N1 2009 influenza (per 100,000 population members). The y axis on the
left represents the incidence rate of all cases with a positive virological test for pandemic H1N1 2009 influenza virus, while the y axis on the right
shows the incidence rate of all severe cases.

TABLE 2. Risk ratios of severe disease between 51- to 60-year-old
age group and younger age groups

Age group (yr) Risk ratio
(incidence rate)

95%
confidence

interval

Risk
ratio

(burden)

95%
confidence

interval

10 or below 1.164 1.041–1.301 1.326 1.186–1.483
11–20 1.496 1.361–1.645 1.933 1.758–2.126
21–30 1.608 1.458–1.772 1.838 1.667–2.025
31–40 1.610 1.446–1.794 1.464 1.314–1.631
41–50 1.500 1.317–1.710 1.741 1.528–1.983
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ings of these two studies and our study are consistent with the
recommendations of the United States Centers for Disease
Control and Prevention in that individuals aged �50 years
should have priority for vaccination in the event of vaccine
shortage (18). Our finding was unlikely to be caused by spec-
imen collection bias, as the positivity rate for other respiratory
viruses was not different from that for the 41- to 50-year-old
age group. The high incidence rate of severe disease in this age

group therefore justifies lowering the age cutoff for the high-
risk group from 65 to 51 years old.

The burden of symptomatic disease was lowest in the age
groups including persons aged 21 to 60 years, suggesting that
there were many patients with mild disease who did not require
medical attention and therefore were not tested for respiratory
viruses in this age group. This result is consistent with the
findings of another large prospective study in which most pa-

FIG. 4. Burden of symptomatic or severe disease. The infected population was estimated by seroprevalence. The y axis on the left represents
the burden for all cases, while the y axis on the right shows the burden for severe cases.

FIG. 5. Proportions of clinical specimens positive for pandemic H1N1 2009 influenza virus and other respiratory viruses. The y axis represents
the percentage of clinical specimens that tested positive for influenza virus or other respiratory viruses.

1922 ZHANG ET AL. CLIN. VACCINE IMMUNOL.



tients in this age group were only mildly symptomatic (6). The
burden of severe disease was also lower in the age groups
including persons aged 21 to 60 years than in older age groups.
Despite such a low burden of severe disease, the absolute
numbers of severe cases in these age groups were actually
higher than in those above 60 years old, similar to the case in
previous studies (13, 25, 28, 38, 45, 48), because a large pro-
portion of the population in these age groups was infected due
to the lack of preexisting cross-reactive antibodies against the
pandemic H1N1 influenza virus. We also speculate that this
particular age group has developed a solid cell-mediated im-
munity due to a cytotoxic T lymphocyte response or nonneu-
tralizing antibody-dependent cellular cytotoxicity against the
highly conserved viral antigens on the viral matrix or nucleo-
protein (12, 26), which is important in recovery from the ill-
ness. Such relative protection induced by repeated exposure
before and after the age of 20 years decayed with age-associ-
ated immunosenescence or was impaired by major underlying
disease in those over 50 years of age.

The overall postpandemic seroprevalence of 22% in our
study is in the lower range of estimates from previous sero-
prevalence studies, which have shown estimated infection rates
of 5 to 60% (5). The wide range of estimates may be accounted
for by differences in the ethnic groups of the studied popula-
tions, the serological assay used (HI versus viral neutralization
assays), and the timing of specimen collection (after the first or
second wave). In our study, we also noted a bimodal distribu-
tion of prepandemic seroprevalences, with cross-reactive anti-
bodies (HI titer of �40) found in a small number of individuals
aged 21 to 50 years and in more of those aged over 70 years.
This finding is consistent with other studies in which the sero-
positive rate was slightly higher in those born in the 1970s and
1980s (2, 19, 22, 32). However, this observation was not seen in
other studies (24, 33). The reason for the low level of cross-
reactive antibodies is not known.

There are several limitations of this study. Factors associated
with lower rates of seroconversion have been described, in-
cluding older age, being female, being pregnant, or having
milder disease (7, 9, 32, 42). Notably, 10% of convalescent-
phase plasma donors of influenza virus had HI titers of �40
(21). These factors contribute to a lower seroprevalence rate,
which leads to an underestimation of the incidence of infec-
tion. In contrast, vaccination leads to seroconversion, and
therefore seroprevalence may overestimate the incidence of
infection in areas where vaccine coverage is high. However, the
pandemic H1N1 vaccination uptake rate was very low in Hong
Kong after one widely publicized report of a suspected influ-
enza-related complication of Guillain-Barre syndrome in a
medical doctor. Up to 31 March 2010, only 188,622 individuals
in the Hong Kong influenza vaccination program (2.7% of the
total Hong Kong population) had received the monovalent
pandemic H1N1 vaccine, while an additional 61,107 doses of
vaccine had been distributed to private practitioners for indi-
viduals who were excluded from the at-risk target group in the
vaccination program. However, the exact number of vaccinees
in the private sector outside the government vaccination pro-
gram is not known, as these data are not reported to the CHP.
But even if this batch of vaccine were all administered to
patients, the percentage of vaccinated population would be
only 3.6%. Therefore, the effect of vaccination is negligible.

Furthermore, the number of available prepandemic serum
samples for the �10-year-old age group was low, so we may not
have been able to detect individuals who were seropositive.
However, since other studies of this age group showed very low
prevalence rates of preexisting antibody of �5% (34), the
interpretation of our results should be similar for this age
group. Unexpectedly, there were unexplained small changes in
seroposivity between 2007 and 2010 for the 61- to 80-year-old
age groups. Finally, the differences in rates of severe infection
may have been confounded by factors such as underlying dis-
eases. In our study, we found a higher incidence of severe
infection in the 51- to 60-year-old age group. In Hong Kong,
22.5% of the population in the age group of 50- to 59-year-olds
has chronic diseases, compared to 2.8 to 10.7% of those aged
less than 50 years (23). We were not able to access the clinical
data for each patient, as the serum samples were coded anon-
ymously. Further studies incorporating underlying diseases will
allow an assessment of the independent effect of age on sever-
ity in this age group.

While adolescents and younger adults were most commonly
affected by the pandemic H1N1 2009 influenza virus, the clin-
ical consequences were most alarming for older adults. In
contrast to the usual age cutoff of 65 years, our results clearly
demonstrate that individuals of more than 50 years of age are
more prone to severe infection than the younger population. In
view of our findings, health authorities should consider lower-
ing the at-risk group from those above 65 years of age to those
above 51 years of age.

ACKNOWLEDGMENTS

This work was supported by the National Science and Technology
Major Project of China (grant 2009ZX10004-306), the Ted Sun Foun-
dation, the Clinical Infectious Diseases Research Endowment Fund
from Teresa Wong On Yik, the Research Fund for the Control of
Infectious Diseases of the Food and Health Bureau, and the Research
Grants Council of the Hong Kong Special Administrative Region,
China.

We gratefully acknowledge the contributions of Wilina Lim and
Thomas Tsang from the Centre for Health Protection of Hong Kong
in retrieving the laboratory and epidemiological data for the popula-
tion in Hong Kong.

REFERENCES

1. Adamson, W. E., et al. 2010. 2009 pandemic influenza A(H1N1) virus in
Scotland: geographically variable immunity in spring 2010, following the
winter outbreak. Euro Surveill. 15:19590.

2. Allwinn, R., J. Geiler, A. Berger, J. Cinatl, and H. W. Doerr. 2010. Deter-
mination of serum antibodies against swine-origin influenza A virus H1N1/09
by immunofluorescence, haemagglutination inhibition, and by neutralization
tests: how is the prevalence rate of protecting antibodies in humans? Med.
Microbiol. Immunol. 199:117–121.

3. Baguelin, M., et al. 2011. Age-specific incidence of A/H1N1 2009 influenza
infection in England from sequential antibody prevalence data using likeli-
hood-based estimation. PLoS One 6:e17074.

4. Bandaranayake, D., et al. 2010. Risk factors and immunity in a nationally
representative population following the 2009 influenza A(H1N1) pandemic.
PLoS One 5:e13211.

5. Broberg, E., A. Nicoll, and A. Amato-Gauci. 2011. Seroprevalence to influ-
enza A(H1N1) 2009 virus—where are we? Clin. Vaccine Immunol. 18:1205–
1212.

6. Cao, B., et al. 2009. Clinical features of the initial cases of 2009 pandemic
influenza A (H1N1) virus infection in China. N. Engl. J. Med. 361:2507–
2517.

7. Chan, K. H., et al. 2011. Differences in antibody responses of individuals with
natural infection and those vaccinated against pandemic H1N1 2009 influ-
enza. Clin. Vaccine Immunol. 18:867–873.

8. Chan, Y. J., et al. 2010. Seroprevalence of antibodies to pandemic (H1N1)
2009 influenza virus among hospital staff in a medical center in Taiwan.
J. Chin. Med. Assoc. 73:62–66.

VOL. 18, 2011 EPIDEMIOLOGY OF PANDEMIC INFLUENZA 1923



9. Chen, M. I., et al. 2010. 2009 influenza A(H1N1) seroconversion rates and
risk factors among distinct adult cohorts in Singapore. JAMA 303:1383–
1391.

10. Chowell, G., et al. 2011. Characterizing the epidemiology of the 2009 influ-
enza A/H1N1 pandemic in Mexico. PLoS Med. 8:e1000436.

11. Deng, Y., et al. 2011. Serological survey of 2009 H1N1 influenza in residents
of Beijing, China. Epidemiol. Infect. 139:52–58.

12. Doherty, P. C., S. J. Turner, R. G. Webby, and P. G. Thomas. 2006. Influenza
and the challenge for immunology. Nat. Immunol. 7:449–455.

13. Dominguez-Cherit, G., et al. 2009. Critically ill patients with 2009 influenza
A(H1N1) in Mexico. JAMA 302:1880–1887.

14. Donaldson, L. J., et al. 2009. Mortality from pandemic A/H1N1 2009 influ-
enza in England: public health surveillance study. BMJ 339:b5213.

15. Dowse, G. K., et al. 2011. Incidence of pandemic (H1N1) 2009 influenza
infection in children and pregnant women during the 2009 influenza season
in Western Australia—a seroprevalence study. Med. J. Aust. 194:68–72.

16. Dudareva, S., et al. 2011. Prevalence of antibodies to 2009 pandemic influ-
enza A (H1N1) virus in German adult population in pre- and post-pandemic
period. PLoS One 6:e21340.

17. Echevarria-Zuno, S., et al. 2009. Infection and death from influenza A H1N1
virus in Mexico: a retrospective analysis. Lancet 374:2072–2079.

18. Fiore, A. E., et al. 2010. Prevention and control of influenza with vaccines:
recommendations of the Advisory Committee on Immunization Practices
(ACIP), 2010. MMWR Recomm. Rep. 59:1–62.

19. Gilbert, G. L., et al. 2010. Influenza A (H1N1) 2009 antibodies in residents
of New South Wales, Australia, after the first pandemic wave in the 2009
southern hemisphere winter. PLoS One 5:e12562.

20. Grills, N., et al. 2010. A lower than expected adult Victorian community
attack rate for pandemic (H1N1) 2009. Aust. N. Z. J. Public Health 34:228–
231.

21. Guo, X., et al. 2011. Dynamic variations in the peripheral blood lymphocyte
subgroups of patients with 2009 pandemic H1N1 swine-origin influenza A
virus infection. Virol. J. 8:215.

22. Hancock, K., et al. 2009. Cross-reactive antibody responses to the 2009
pandemic H1N1 influenza virus. N. Engl. J. Med. 361:1945–1952.

23. Hong Kong Government. 2008. Special topics report no. 48. Persons with
disabilities and chronic diseases. Census and Statistics Department, Hong
Kong, Special Administrative Region, China.

24. Ikonen, N., et al. 2010. High frequency of cross-reacting antibodies against
2009 pandemic influenza A(H1N1) virus among the elderly in Finland. Euro
Surveill. 15:19478.

25. Jain, S., et al. 2009. Hospitalized patients with 2009 H1N1 influenza in the
United States, April-June 2009. N. Engl. J. Med. 361:1935–1944.

26. Jegerlehner, A., N. Schmitz, T. Storni, and M. F. Bachmann. 2004. Influenza
A vaccine based on the extracellular domain of M2: weak protection medi-
ated via antibody-dependent NK cell activity. J. Immunol. 172:5598–5605.

27. Jhung, M. A., et al. 2011. Epidemiology of 2009 pandemic influenza A
(H1N1) in the United States. Clin. Infect. Dis. 52(Suppl. 1):S13–S26.

28. Kumar, A., et al. 2009. Critically ill patients with 2009 influenza A(H1N1)
infection in Canada. JAMA 302:1872–1879.

29. Lerdsamran, H., et al. 2011. Serological response to the 2009 pandemic
influenza A (H1N1) virus for disease diagnosis and estimating the infection
rate in Thai population. PLoS One 6:e16164.

30. Louie, J. K., et al. 2009. Factors associated with death or hospitalization due
to pandemic 2009 influenza A(H1N1) infection in California. JAMA 302:
1896–1902.

31. Mahmud, S. M., et al. 2010. Estimated cumulative incidence of pandemic

(H1N1) influenza among pregnant women during the first wave of the 2009
pandemic. CMAJ 182:1522–1524.

32. Mak, G. C., et al. 2010. Sero-immunity and serologic response to pandemic
influenza A (H1N1) 2009 virus in Hong Kong. J. Med. Virol. 82:1809–1815.

33. McVernon, J., et al. 2010. Seroprevalence of 2009 pandemic influenza
A(H1N1) virus in Australian blood donors, October-December 2009. Euro
Surveill. 15:7–14.

34. Miller, E., et al. 2010. Incidence of 2009 pandemic influenza A H1N1 infec-
tion in England: a cross-sectional serological study. Lancet 375:1100–1108.

35. Moghadami, M., et al. 2010. High titers of hemagglutination inhibition
antibodies against 2009 H1N1 influenza virus in Southern Iran. Iran J. Im-
munol. 7:39–48.

36. Nishiura, H. 2010. Case fatality ratio of pandemic influenza. Lancet Infect.
Dis. 10:443–444.

37. Panda, A., et al. 2009. Human innate immunosenescence: causes and con-
sequences for immunity in old age. Trends Immunol. 30:325–333.

38. Perez-Padilla, R., et al. 2009. Pneumonia and respiratory failure from swine-
origin influenza A (H1N1) in Mexico. N. Engl. J. Med. 361:680–689.

39. Ross, T., et al. 2010. Seroprevalence following the second wave of pandemic
2009 H1N1 influenza. PLoS Curr. 2:RRN1148.

40. Rouse, B. T., and S. Sehrawat. 2010. Immunity and immunopathology to
viruses: what decides the outcome? Nat. Rev. Immunol. 10:514–526.

41. Skowronski, D. M., et al. 2010. Prevalence of seroprotection against the
pandemic (H1N1) virus after the 2009 pandemic. CMAJ 182:1851–1856.

42. Tan, S., et al. 2011. Serological responses following influenza A H1N1 2009
infection in adults. J. Infect. 62:388–393.

43. Tandale, B. V., et al. 2010. Seroepidemiology of pandemic influenza A
(H1N1) 2009 virus infections in Pune, India. BMC Infect. Dis. 10:255.

44. Tian, L. L., et al. 2011. Serologic survey of pandemic influenza A (H1N1
2009) in Beijing, China. Prev. Med. 52:71–74.

45. To, K. K., et al. 2010. Delayed clearance of viral load and marked cytokine
activation in severe cases of pandemic H1N1 2009 influenza virus infection.
Clin. Infect. Dis. 50:850–859.

46. Tsai, T. F., et al. 2010. Regional and age-specific patterns of pandemic H1N1
influenza virus seroprevalence inferred from vaccine clinical trials, August–
October 2009. Euro Surveill. 15:19624.

47. Van Kerkhove, M. D., et al. 2011. Risk factors for severe outcomes following
2009 influenza A (H1N1) infection: a global pooled analysis. PLoS Med.
8:e1001053.

48. Webb, S. A., et al. 2009. Critical care services and 2009 H1N1 influenza in
Australia and New Zealand. N. Engl. J. Med. 361:1925–1934.

49. Woo, P. C., et al. 2004. Relative rates of non-pneumonic SARS coronavirus
infection and SARS coronavirus pneumonia. Lancet 363:841–845.

50. World Health Organization. 2010. WHO guidelines for pharmacological
management of pandemic influenza A(H1N1) 2009 and other influenza
viruses. WHO, Geneva, Switzerland.

51. Wu, J. T., et al. 2010. The infection attack rate and severity of 2009 pandemic
H1N1 influenza in Hong Kong. Clin. Infect. Dis. 51:1184–1191.

52. Yang, P., et al. 2011. Serological surveillance of 2009 H1N1 influenza in
China. Int. J. Infect. Dis. 15:e151–e152.

53. Zhou, Y., et al. 2011. Seroprevalence of antibody to pandemic influenza A
(H1N1) 2009 among healthcare workers after the first wave in Hong Kong.
J. Hosp. Infect. 78:308–311.

54. Zimmer, S. M., et al. 2010. Seroprevalence following the second wave of
pandemic 2009 H1N1 influenza in Pittsburgh, PA, USA. PLoS One
5:e11601.

1924 ZHANG ET AL. CLIN. VACCINE IMMUNOL.


